Results: The rate of opioid-related deaths in New Zealand has increased by 33% from 2001 to 2012. More than half of the opioid-related deaths between 2008 and 2012 were unintentional opioid overdoses. Opioid analgesic deaths were most likely due to methadone, morphine and codeine prescribed by healthcare professionals. That 179 of these opioid-related deaths between 2008 and 2012 were unintentional opioid overdoses, and thus could have been avoided, is tragic. This study shows that there was a steady annual increases in opioid prescriptions in New Zealand from 2001 to 2012. This rise in opioid analgesic deaths was associated with the increases in the numbers of opioid prescriptions. Conclusion: A multifaceted national public health approach is needed to bring together the various stakeholders involved with pain management, opioid dependence, opioid availability and opioid diversion. There needs to be a targeted approach to educate current and future medical practitioners regarding the appropriate use of opioid prescriptions for the management of pain, as well as a strengthening of primary,
INTRODUCTION
Opioids are used as primary analgesics to relieve acute, chronic and cancer pain. Historically, opioid analgesics were predominantly prescribed for acute pain and cancer-related pain [1] . In the 1980s international attention started focusing on the undertreatment of chronic pain. In 1986, Dr. Russel Portenoy stated that opioids were a ''safe, salutary and more humane'' treatment for patients with intractable non-malignant pain [2] . It was further asserted that the rate of addiction in chronic pain patients treated with opioids was low and that it was therefore unethical to restrict access to opioids necessary to relieve suffering due to chronic non-cancer pain [2, 3] . The potential adverse effects of chronic opioid use were played down with an overriding belief that opioids were safe, with no dosing threshold in the legitimate pain sufferer [1, 2] . These assertions, together with the availability of new synthetic opioids (e.g. oxycodone), the intense marketing strategies adopted by manufacturers and increased patient demand, have resulted in an exponential growth in opioid prescribing in the last 20 years [4, 5] . Between 1992 and 2012, opioid-dispensing episodes have increased by 15-fold (500,000 to 7.5 million) in Australia [6] .
However, recent evidence-based research brings into question whether opioids are indeed effective against long-term chronic pain [7] . Only some patients with chronic non-cancer pain experience clinically significant pain relief with long-term opioid use and, in general, there is inconclusive evidence that opioid therapy improves quality of life and functioning in these patients [7] . In addition, opioids can create suffering with the risks of tolerance, dependence, abuse and opioid-related mortality and morbidity [1, 8] . No objective standard exists for levels of opioid consumption, and the rates of opioid prescription and use cannot be judged as adequate or excessive as there is no recognized baseline for a particular population [9] . Yet there appears to be higher rates of addiction and misuse with respect to opioid use in chronic pain treatment than previously envisaged [10] . There is a parallel relationship between the availability of prescription opioid analgesics through legitimate pharmacy channels and the diversion and abuse of these drugs and associated adverse outcomes [10] . Nonmedical use of prescription pain relievers in the USA is increasing, and there are comparable rises in hospital admissions for misuse [11] .
In the USA, there is a rapidly emerging public health epidemic of prescription opioid-related mortality in patients with chronic non-cancer pain; more than 100,000 people have died from an unintentional overdose since policies changed in the late 1990s, and more than 16,000 people are dying from opioid-related causes annually [12, 13] . Opioid prescription drug overdose has surpassed motor vehicle collision as the leading cause of unintentional injury-related death in the USA [12, 14] .
Deaths due to accidental poisoning (pharmaceutical opioids and illicit substances combined) in Australia increased from 151 in 2002 to 266 in 2011 [6] . The use of opioids is under increasing scrutiny, and many governmental agencies are focusing on strategies to manage what is seen to be an increasing epidemic of opioid use and abuse [10] . The trends in long--term opioid use and the problem of opioid-related mortality seen in the USA and Australia may not be reflected in New Zealand because of differences in healthcare systems, funding models and prescribing guidelines. In New Zealand, only deaths from opioid poisonings from 1 January 2001 to 31 December 2002 have previously been published, motivating the need for a fresh audit of the data [15] .
METHODS

Aims
The primary aim of this population-based cohort study was to investigate the opioid-related death rate in New Zealand between 1 
Data Sources
For this study, permission to access records from the Coronial Services Office in Wellington was acquired. Data from the Coroner (2008-2012 only) was taken from the year of notification of death and filtered for primary contribution. Deaths from opioid poisonings or overdoses in New Zealand from 1 January 2008 to 31 December 2012 were identified. A manual review of the coding of all cases in the dataset was undertaken to confirm that the cases were of relevance. The following incidents were excluded from the data set: cases which involved anaphylaxis; fatalities occurring due to complications during medical treatment, such as the administration of anesthetic during surgery.
A substance was considered to have made a primary contribution to a death where drug toxicity was noted within the cause of death or the primary object field in the National Coronial Information System code set, or where aspiration of gastric contents was noted in the cause of death and drug toxicity was noted anywhere in the cause of death. Additionally, if the death was noted as being contributed to by a combination of multiple coded drugs (such as 'mixed drug toxicity' or 'multiple drug overdose'), the drugs that were part of the 'multiple drug' combination were recorded. The determination of the ''intent'' of the deceased person was subject to the individual determination of the Coroner investigating the fatality. The medical cause of death was based on the Forensic Pathologist's individual opinion [16] .
Statistics
The number of opioid-related deaths were summarized by year, gender, age and type of opioid. Mortality rates per million person-years were calculated by age and gender with 95% Poisson confidence intervals (CI) using, as the denominator, estimates of the New Zealand resident population provided by Statistics New Zealand [17] . Rate ratios with 95% mid-p exact confidence intervals were used to compare differences in mortality rates between females and males. The association between opioid prescriptions (per 100,000) and opioid-related deaths from 2001 to 2012 was estimated using a linear regression model. Analysis was performed using the R statistical package (R Foundation for Statistical Computing, Vienna, Austria).
Permission to access records for prescriptions containing opioids (dose and formulation) was obtained from the Pharmaceutical Collection. The Pharmaceutical Collection contains claim and payment information from pharmacists for subsidized dispensing processed by the Sector Services General Transaction Processing System. 
Compliance with Ethics Guidelines
This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors. Ethical approval from the University of Otago's Human Ethics Committee was obtained (Number HD15/036), and the appropriate statistical analyses were performed.
RESULTS
From 2008 to 2012, a total of 325 deaths were primarily ascribed to opioid use (Table 1) . Males had a higher rate of death than females (16.58 vs. 13.43 per 1,000,000 person-years; rate ratio 1.23; 95% Cl 0.99-1.54; p = 0.059).The highest incidence rate per 1,000,000 person years was in the 40-49 year age group as shown in Table 2 . During this same period, there were 179 unintentional opioid overdoses, 110 intentional opioid overdoses and 37 opioid deaths from undetermined or other specified intent. The number of opioid deaths per year and type of opioid (2008) (2009) (2010) (2011) (2012) ) is shown in Table 3 . The opioids methadone, morphine, codeine were the most frequent causes of death.
There was an increase in prescriptions issued in New Zealand for each type of opioid between 2001 and 2012 (see Fig. 1 ). Two types of opioid prescriptions were not included in this 
DISCUSSION
Opioid-Related Death Rate and Characteristics
In New Zealand, the rate of opioid-related deaths in 2012 was 1.6 per 100,000. This is considerably less than the corresponding rate of 3.6 per 100,000 in Victoria, Australia in 2012 and 7.9 per 100,000 in 2013 in the USA [19, 20] . However, there is no room for complacency. The rate of opioid deaths in New Zealand is increasing at a significant rate. In 2001-2002, the rate of opioid-related deaths was 1.17 per 100,000 [15] ; this rose to 1.60 per 100,000 in 2011-2012, reflecting a 33% increase in the 10-year interim period.
The number of deaths in New Zealand ascribed to be primarily due to use during the period 2008-2012 is 325. Of these, 110 deaths (34%) were from intentional opioid overdoses, and 179 (55%) were from unintentional opioid higher among men [20, 21] . The highest incidence rate per 1,000,000 person-years was in the 40-49 year age group, possibly due to a cohort effect arising from the aging baby-boomer generation. In addition, age and physical state could affect one's capacity to metabolize medications. In New Zealand from 2008 to 2012, opioid-related deaths were most frequently attributed to the opoids methadone, morphine, codeine and oxycodone. Clearly, the availability of drugs has an influence on the level of abuse. New Zealand was successful in the restriction of heroin supply in the 1970s and 1980s, probably as a result of unique factors, such as island isolation, a small market, and effective law enforcement and low corruption rates [22] . Our study shows a relatively high use of methadone and morphine relative to illicit heroin use, similar to results of other studies undertaken in New Zealand [15, 23] . The Pharmaceutical Management Agency (PHARMAC) in New Zealand regulates funding for drugs according to clinical effectiveness and cost-effectiveness, health needs, budget impact, direct cost to users and availability of alternative treatments [24] . The actions of PHARMAC have influenced the number of opioid-related deaths during the period 2008-2012. Slow-release oxycodone (OxyContin) became available in 2005, and since then, dispensing rates have increased significantly.
There were a significant number of deaths due to dextropropoxyphene in 2001-2002. Dextropropoxyphene was discontinued in New Zealand in December 2009; this resulted in limited access to this drug and a decrease in the number of deaths associated with its use. Access and use of opioids is established not only by physical availability and practical accessibility, but also by affordability [25] . Tramadol use in New Zealand increased rapidly after it became fully funded by PHARMAC in June 2010 [26] .
The results of this study show that from 2001 to 2012 there appears to be a linear relationship between the number of deaths due to opioid use and the prescription rates. A similar trend of increasing opioid consumption accompanied by increasing rates of misuse and overdose have been observed in Australia and the USA [21, 27] .
Opioid Prescription Rates and Characteristics
In New Zealand from 2011 to 2012 (2-year period) there were 3,233,946 prescriptions dispensed for opioid medicines, representing 36,583 prescriptions per 100,000 people. In comparison, there were 13,905,258 prescriptions dispensed for opioid medicines in Australia in the period 2013-2014 (2 years), representing 55,126 prescriptions per 100,000 people [28] . In the international framework, opioid consumption in New Zealand is less than that in Canada, the USA, Australia and the UK, respectively [29] .
This study shows an exponential increase in total opioid prescriptions in New Zealand from 2001 to 2012 (686,063 in 2001 to 1,673,640 in 2012), driven mainly by an increase in codeine prescriptions. In other countries, opioid use has doubled over a similar period, particularly in high-income countries, such as those of North America, western and central Europe and Oceania [25] . A recent study has shown this trend is continuing beyond 2012, with an [30] . The dispensing rates of both strong and weak opioids in New Zealand have been shown to be higher for people of Caucasian origin (as compared to Māori, Pacific or Asian ethnicities) and higher for women and people aged C 80 years [30] . Nearly half of all New Zealanders who received a strong opioid in 2015 had recently attended a public hospital as an inpatient or outpatient, suggesting many of these prescriptions are generated in the hospital setting [30] . The mortality rate per prescription for methadone, morphine and codeine has not changed markedly (Table 4) . However, the number of prescriptions has increased, and so have the number of deaths. These data highlight the increase in deaths according to increased prescription of existing drugs and introduction of new drugs (Table 4) .
Findings for Specific Drugs
Methadone
Methadone accounts for the highest number of opioid-related deaths in New Zealand. Methadone has been used as part of opioid substitution treatment (OST) for opioid dependence in New Zealand since the 1970s [31] . The increasing total number of methadone prescriptions is likely to be related to the steadily increasing number of OST patients in New Zealand since 1995 [31] . There were more than 5000 OST patients in 2012, and an increasing proportion of these patients were being managed in primary care [31] . Methadone constitutes a significant proportion of street opioid supply in New Zealand, and since methadone is primarily prescribed for OST, this may suggest insufficient dispensing controls [23] . Methadone prescription has been found to significantly decrease intravenous heroin use, which could contribute to the low rate of heroin overdoses in New Zealand [31] . Buprenorphine became subsidized by PHARMAC in July 2012 and has provided an alternative OST medication to methadone [31] . This is a positive step as buprenorphine has a reduced potential risk of overdose compared to methadone [32, 33] . It has been suggested that buprenorphine should be considered as the drug of first choice by clinicians treating patients with opioid dependence, especially polydrug users [19] . , and deaths from accidental overdoses were found to be more common (48.8%) than intentional deaths (34.7%) [34] . Severe harmful events have been described with codeine use, especially from the consumption of high doses of combination products, such as codeine/paracetamol and codeine/ibuprofen [35] . About 5% of the white population are ultra-rapid metabolizers, meaning that there is a higher conversion to morphine with an increased risk of adverse events, such as respiratory depression and fatal overdose [36, 37] . Codeine has been implicated in the postoperative deaths of children [36] . Research in Australia and overseas has shown that those individuals who misuse codeine tend to be better educated and more often employed and tend not to use illicit drugs [38] . In Australia from 1 February 2018 onwards, analgesics containing codeine will be available only on prescription [39] .
Codeine use in New Zealand is difficult to quantify, as it is relatively inexpensive and low-dose codeine can be obtained in combination with paracetamol over-the-counter (OTC) without a prescription. New Zealand would need to consider its own figures in light of the Australian data and act accordingly.
Oxycodone
Oxycodone made its appearance in New Zealand in 2005 and was promoted as an alternative to morphine. It was preceded and supported by a driven and costly advertising campaign that resulted in the rapid annual rise in oxycodone prescriptions [30] . It was marketed as having a low potential for misuse, which was subsequently shown to be incorrect [40] . The exponential increase in the number of prescriptions of slow-release oxycodone since its introduction has been matched by an increase in oxycodone-related deaths. The overall number of oxycodone-related deaths in New Zealand and Australia is currently relatively low. The proportion of frequent injecting-drug users in New Zealand who had used oxycodone at any time increased from 21% in 2008 to 54% in 2012 [41] .
Tramadol
Tramadol is a multimodal analgesic, with only a weak mu opioid effect from its metabolites. It has only been fully funded in New Zealand since June 2010. When used appropriately, tramadol provides important medical benefits. Evidence appears to indicate that tramadol is associated with a low potential for misuse, abuse and dependency [42] . However, it can have serious health consequences when taken without medical supervision, in larger amounts than prescribed or in combination with illicit drugs, alcohol, or other prescription or OTC medications [43] .
Fentanyl
From February 2011 fentanyl patches became fully funded in New Zealand without special authorization [44] . Rates of fentanyl use are currently low, but are increasing. Fentanyl use increased from 217 prescriptions in 2004 to 28,623 in 2012, which reflects a 132-fold increase. This increase is probably due to an increasing supply of synthetic opioids and the use of fentanyl patches in residential homes to treat chronic non-malignant pain (CNMP). The risk of fatality with fentanyl patches arises when they are given to opioid-naïve patients [45] . In New Zealand there were only three deaths from fentanyl in 2011-2012.
Preventative Measures to Limit Overprescribing and Mitigate Risk
Mitigation of risk is important to encourage safer prescribing of opioids and to prevent opioid abuse, dependence and death. Appropriate evaluation, documentation, screening and risk stratification are indicated, starting from the initiation of the opioid therapy and continuing through to its discontinuation [5] . There are a wide range of social, psychological, and physical treatment options available for patients with CNMP. Combinations of non-opioid analgesics and non-pharmacological treatments are the mainstay of treatment for CNMP. Opioids should be titrated slowly, with frequent dispensing and close monitoring for signs of misuse [46] . If opioid therapy is deemed to be necessary, patients should be prescribed weaker opioids, such as tramadol, before being started on the stronger ones. Codeine should not be prescribed to breastfeeding mothers due to the risks of toxicity in rapid metabolizers [47] . Fentanyl should only be prescribed to opioid-tolerant patients [48] . Methadone has a long and variable half-life and should not be used for acute pain or breakthrough pain [48] . The opioid should be tapered if the patient's pain remains severe despite an adequate trial of opioid therapy [46] .
General practitioners need to be made aware of the predictors of opioid overdose, which include a mean daily oral morphine-equivalent dose of [100 mg per day, mental health disorders, concomitant use of benzodiazepines and antidepressants and substance use disorders (alcohol) [46, 48] . Care needs to be taken when prescribing opioids for adolescents, who are at high risk of opioid overdose, misuse and addiction [46] . In the elderly, overdose can be minimized through lower initial doses, slower titration, benzodiazepine tapering and careful patient education [46] .
Other key prevention strategies include educating the general population on the use of tamper-resistant formulations and the danger of combining opioids (such as oxycodone and buprenorphine) with low-dose naloxone, expanding availability and community access to naloxone and carrying out prescription monitoring programmes [20, 49] . Current evidence on extended-release naltrexone is more encouraging as this drug is not subject to misuse or diversion [50] . Nation-wide prescription monitoring programmes should be implemented to facilitate early detection. In New Zealand more use needs to be made of the information on prescribing collected by the Pharmaceutical Collection. Public health agencies, medical examiners and coroners and law enforcement agencies should work collaboratively to improve the detection of and response to drug overdoses related to illicit opioids [20] .
Limitations of the Study
The dataset from the Coroner does not claim to be representative of all relevant cases within the time period specified. This may have been due to missing data and occasional processing and coding errors. The Query Design Search Screen was used to identify cases of relevance. There were some limitations as coded fields were not completed until closure of the case and the extent of the information contained in the text reports varied. The determination of the ''intent'' of the deceased person was subject to the individual determination of the Coroner investigating the fatality. The medical cause of death was based on the Forensic Pathologist's individual opinion. Another limitation of this and most studies is the lack of distinction between death due to prescription-related opioids and that due to illicit opioids.
CONCLUSION
Dr. Portenay, who originally promoted the liberal use of opioids in the 1980s, has subsequently stated that in the light of further research it would appear ''that the benefits of opioids had been overstated and the risks glossed over'' [51] . There is ample evidence of an emerging public health problem in New Zealand, related to inappropriate opioid prescribing patterns. From 2008 to 2012, a total of 325 deaths were primarily ascribed to opioid use, with a higher rate of death among males than among females: 16.58 vs. 13.43 per 1,000,000 person-years (rate ratio 1.23; 95% Cl 0.99-1.54; p = 0.059). One of the predictors of opioid overdose is the male sex [20, 21] . In 2001-2002, the rate of opioid-related deaths was 1.17 per 100,000 [15] . This has risen to 1.60 per 100,000 in 2012, reflecting a 33% increase in the 10-year interim period. This is in line with the situation in other First World countries.
The first exposure of most opioid abusers to the opioid began with a legitimate prescription for pain [52] . A sharp increase in the prescription of opioids has been associated with increases in opioid overdose [53] . The results of the present study confirm this trend. There have been incremental annual increases in opioid prescriptions in New Zealand from 2001 to 2012, with a more than doubling of the total number of prescriptions issued from 2001 to 2012. This rising trend in opioid prescription rate is associated with a corresponding rise in deaths from opioid analgesics. The fact that more than half (179) of the opioid-related deaths between 2008 and 2012 were unintentional opioid overdoses and could have been avoided is tragic. Opioid analgesic deaths were most likely due to methadone, morphine and codeine prescribed by healthcare professionals. The significant rise in prescriptions of oxycodone, codeine and fentanyl-related products are of growing concern. This concern can be addressed by ensuring that providers perform risk assessments, are perceptive of medication risks, avoid excessive dependence on opioids and adequately educate and monitor patients [54] .
A multifaceted national public health approach is needed to bring together the various stakeholders involved with pain management, opioid dependence, opioid availability and opioid diversion. There needs to be a targeted approach to educate current and future medical practitioners in the appropriate use of opioid prescriptions for the management of pain, as well as a strengthening of primary, secondary and tertiary resources to support medical practitioners managing their patients suffering with pain.
authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this manuscript, take responsibility for the integrity of the work as a whole, and have given final approval for the version to be published.
Disclosures. Elspeth E. Shipton, Ashleigh J. Shipton, Jonathan A. Williman and Edward A. Shipton have nothing to disclose.
Compliance with Ethics Guidelines. This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors. Ethical approval from the University of Otago's Human Ethics Committee was obtained (Number HD15/036), and the appropriate statistical analyses were performed.
Data Availability. The datasets analyzed during the current study are available from the corresponding author on reasonable request.
Open Access. This article is distributed under the terms of the Creative Commons Attribution-Non Commercial 4.0 International License (http://creativecommons.org/licenses/ by-nc/4.0/), which permits any noncommercial use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
